Whereas annualized mortality rates have decreased in the last decade for patients with HFrEF, similar improvements in patient outcomes have not been observed for those with HFpEF. 5, 7 These differential trends may be related to the relative paucity of evidence-based treatment options for HFpEF. Thus far, clinical trials of digoxin, 14 β-blockers, 15, 16 angiotensin-converting enzyme-inhibitors, 17 and angiotensin receptor blockers 18 have all failed to show a significant benefit, leaving the treatment of HFpEF largely empirical, symptom-based, and focused on comorbidities. 10 There is strong rationale for testing the impact of mineralocorticoid receptor antagonists (MRAs), such as spironolactone in HFpEF in the context of an adequately powered, prospective randomized trial. 19 Previous studies have demonstrated that MRAs improve clinical outcomes in patients with symptomatic HFrEF 20,21 and those with HF or leftventricular (LV) systolic dysfunction complicating myocardial infarction. 22 Small studies have suggested improvements in cardiac structure and function during treatment with MRAs in HFpEF as well as improvements in diastolic function in elderly patients, patients with hypertension, and patients with early stage chronic kidney disease. [23] [24] [25] [26] Despite these promising preliminary data, 19 no previous large randomized trials have specifically evaluated the effect of an MRA on clinical outcomes in patients with HFpEF. The Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist (TOPCAT) study is the first large randomized controlled trial of spironolactone versus placebo for HFpEF adequately powered to examine clinical outcomes. 27 Although the inclusion and exclusion criteria were designed to select a representative sample of the larger population of patients with HFpEF, the patients enrolled in TOPCAT likely reflect a narrower spectrum of HFpEF patients than those enrolled in all-encompassing epidemiological studies and observational registries. Therefore, our objective in the present report is to (1) describe the baseline characteristics of the TOPCAT study participants; and (2) compare TOPCAT with recent HFpEF epidemiological studies, observational registries, and clinical trials.
Methods

TOPCAT Study Design and Objectives
The objectives and design of the TOPCAT study have been described in detail previously. 27 Briefly, TOPCAT was designed as a multicenter, international, randomized, double blind, placebo-controlled trial of spironolactone in adults with HFpEF recruited from over 270 clinical sites. The trial was funded by the National Heart, Lung, and Blood Institute as a contract with the Brigham and Women's Hospital (Clinical Coordinating Center) and the New England Research Institute (Data Coordinating Center). Enrollment began in August 2006 and ended in January 2012. The trial duration is ≈7 years (follow-up is currently ongoing), with a goal mean follow-up of 3.5 years. The primary aim of the TOPCAT study is to determine whether treatment with spironolactone, compared with placebo, can produce a clinically meaningful reduction in a composite outcome of cardiovascular mortality, aborted cardiac arrest, or HF hospitalization in adults with symptoms of HF and documented LVEF ≥45%. Secondary aims of TOPCAT include evaluation of the effect of spironolactone on clinical comorbidities (eg, new atrial fibrillation, diabetes mellitus), all-cause mortality, and patient-reported healthrelated quality of life. These potential benefits will be viewed in the context of a safety evaluation afforded by the blinded comparison with placebo.
Selection of Study Patients: Inclusion Criteria, and Exclusion Criteria
Inclusion criteria for TOPCAT are as follows: age ≥50 years; diagnosis of HF based on at least 1 HF symptom at the time of study screening and at least 1 HF sign within the 12 months before screening (Table 1) ; LVEF ≥45% (per local reading), preferably obtained from echocardiography (although radionuclide ventriculography and angiography were acceptable); at least 1 HF hospitalization in the 12 months before study screening or B-type natriuretic peptide (BNP) >100 pg/mL or N-terminal pro-BNP >360 pg/mL (in the absence of an alternative explanation for elevated natriuretic peptide level) within the 60 days before screening; controlled systolic blood pressure (<140 mm Hg or 140-160 mm Hg if the patient is taking at least 3 antihypertensive medications to control blood pressure); serum potassium <5.0 mmol/L before randomization. 27 There were multiple exclusion criteria for TOPCAT, as detailed previously. 27 Examples of exclusion criteria include severe systemic illness with a life expectancy of <3 years, significant chronic pulmonary disease, infiltrative or hypertrophic cardiomyopathy, constrictive pericarditis, previous cardiac transplant or LV assist device, known chronic hepatic disease, severe chronic kidney disease, a history of significant hyperkalemia, known intolerance to aldosterone antagonists, and recent myocardial infarction, coronary artery bypass grafting, or percutaneous coronary intervention.
Baseline Data
Each patient enrolled in the TOPCAT study underwent a detailed baseline visit, which included medical history (based on patient self-report and chart review). The following medical history variables were collected: previous hospitalization for HF, myocardial infarction, stroke, coronary artery bypass surgery, percutaneous coronary intervention, angina pectoris, chronic obstructive pulmonary disease, asthma, hypertension, peripheral arterial disease, dyslipidemia, defibrillator, pacemaker, atrial fibrillation, thyroid disease, diabetes mellitus (including presence of known microvascular complications), and bone fracture after the age of 45 years. Social history variables collected by self-report included smoking history, alcohol intake, activity level (pattern of exercise), pattern of nutrition, and living situation. Physical activity was computed as metabolic equivalents per week using the duration per week of various forms of self-reported exercise, weighting each activity by its intensity level. 28 All medications were also documented at the time of the baseline study visit. Physical examination and laboratory data collected at baseline included heart rate, blood pressure, height, weight, waist circumference, electrolytes, blood urea nitrogen, creatinine, liver function tests, complete blood count, and urine microalbumin. Natriuretic peptide levels were recorded in the subset of patients who were recruited on the basis of elevated natriuretic peptide levels. Other baseline examinations included a resting 12-lead ECG (interpreted locally at each site by the site principal investigator) and health-related quality of life and functional status questionnaires. The latter included the Kansas City Cardiomyopathy Questionnaire (KCCQ), 29 the EuroQOL EQ-5D Visual Analog Scale, 30 and the Patient Health Questionnaire-9 (PHQ-9; a depression scale). 31 The range of possible scores on the KCCQ and EQ-5D is 0 to 100, and lower scores indicate a worse quality of life. The range of possible scores on the PHQ-9 is 0 to 27, and higher scores indicate a higher number of depressive symptoms. For comparison purposes, Minnesota Living with Heart Failure Questionnaire scores from previous HFpEF studies 13, 32 were converted to estimated KCCQ scores based on data from the original study describing the KCCQ. 29
Results
Enrollment of TOPCAT Study Participants
The first TOPCAT study patient was enrolled on August Of the 3445 subjects enrolled, 2480 (72%) met the eligibility criterion for HF hospitalization within the past year, and the remaining 965 (28%) were eligible by elevated natriuretic peptide levels. Table 2 displays the baseline evidence of HF (symptoms, signs, natriuretic peptide levels) and ejection fraction for the study participants. Dyspnea with mild or moderate exertion was the most common symptom present in the study participants (>99% frequency at time of randomization or within the previous year); lower extremity edema was the most common sign of HF. At the time of enrollment, most patients had New York Heart Association (NYHA) class II (63%) or III (33%) symptoms ( Table 2 ).
Baseline Demographics, Comorbidities, Medications, and Lifestyle Factors
In TOPCAT, there was a slight female predominance (52%) and mean age was 68.6±9.6 years (Table 3) . Overall, 89% of the study subjects were white, 9% were of African origin, and 9% were Hispanic. In the United States, 23% of the study subjects were of African origin. As shown in Tables 3 and 4 , study patients were typically obese, and comorbidities were common. The frequency of hypertension history was especially high (91%) in study participants. Blood pressure was well controlled at time of study enrollment (mean 129/76 mm Hg, median 130/80 mm Hg, and interquartile range 120-140/70-80 mm Hg).
The majority of patients (82%) were taking diuretics at the time of enrollment. In addition, use of β-blockers (78%) and angiotensin-converting enzyme-inhibitors /angiotensin receptor blockers (84%) was also very common, indicating that the majority of TOPCAT patients were already treated with antagonists of the renin-angiotensin system. Evaluation of lifestyle factors revealed that the majority of patients enrolled reported living with others in the household and eating homecooked meals. Most study participants were adding salt to cooked meals, and overall activity level was low (median 9.3 metabolic equivalent-h/wk).
Baseline Laboratory and Electrocardiographic Data
In the 28% of TOPCAT study subjects who were enrolled in the study through the elevated natriuretic peptide inclusion criterion, median BNP and N-terminal (NT)-proBNP levels were 234 pg/mL and 950 pg/mL, respectively. Although patients with severe chronic kidney disease (estimated glomerular filtration rate <30 mL/min per 1.73 m 2 ) were excluded from TOPCAT, the prevalence of chronic kidney disease was high (39% had stage 3 or worse chronic kidney disease, defined as estimated glomerular filtration rate <60 mL/min per 1.73 m 2 ), and the majority of TOPCAT participants had evidence of microalbuminuria. The majority of patients had a normal heart rate and QRS duration on the baseline ECG; however, most (74%) had 1 or more electrocardiographic abnormalities (Table 4) . (15) Almost all 2371 (69) Living situation, n(%)
Currently living alone 782 (23) Currently living with a spouse or significant other 2321 (67) Currently living with someone other than spouse or significant other 335 (10)
Values for continuous variables represent mean±SD unless otherwise specified. ACE-I indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; and MET, metabolic equivalent.
*Participants could mark Yes for >1 race/ethnicity. †Coronary artery disease = previous myocardial infarction, percutaneous coronary intervention, coronary artery bypass grafting, or angina pectoris (which referred to a history of angina; the symptom of angina at time of enrollment was not recorded).
‡Median (25th, 75th percentile). §Cooking salt score = sum of salt added to staple foods, soup, meat, and vegetables during cooking. Range is 0-12 (None=0, 1/8 tsp=1, ¼ tsp=2, ½ tsp or more=3 for each food category). 
Baseline Quality of Life
The median KCCQ clinical summary score was 54, and the median EQ-5D Visual Analog Scale score was 60. Results from the PHQ-9 indicated that ≈27% of the TOPCAT study subjects endorsed symptoms of moderate or greater depression (Table 5 ).
Comparison With Previous HFpEF Clinical Trials and Observational Studies
Overall, characteristics of TOPCAT participants were similar to those reported in recent clinical trials (Table 6 ). TOPCAT exceeded all other trials in frequency of hypertension history (91%), but mean systolic blood pressure was 7 to 16 mm Hg lower compared with previous HFpEF trials. Mean body mass index was higher than in all other clinical trials and observational studies with available body mass index data. Compared with previous observational studies (Table 7) , TOPCAT participants were younger (although still elderly with a mean age of 69 years) and less commonly women but had higher prevalence of hypertension and coronary artery disease.
Discussion
TOPCAT is the first large, randomized trial of treatment with an MRA in HFpEF. As expected in a trial population, the baseline characteristics of HFpEF participants selected for enrollment in TOPCAT were not exactly matched to those of epidemiological and observational studies. Nevertheless, TOPCAT participants display several features that are typical of the broader population with HFpEF. Namely, the mean age of patients enrolled in TOPCAT was 68.6 years at baseline, with a female predominance and a very high prevalence of multiple comorbidities, especially a history of systemic hypertension. TOPCAT participants were selected to be at high risk for adverse outcomes, with >70% hospitalized for HF within the 12 months before enrollment and the rest with relatively high natriuretic peptide levels. Although the majority of patients had NYHA functional class II symptoms, quality of life scores were quite poor, with a high prevalence of depressive symptoms. In addition, self-reported physical activity was very low (median 9 metabolic equivalent-h/wk) and the majority of participants were still adding salt to homecooked meals despite carrying a HF diagnosis. Thus, the TOP-CAT participants mirror the typical challenges of HFpEF. The baseline characteristics of TOPCAT participants were as expected when taken in the context of a clinical trial setting which excluded patients with specific competing comorbidities (such as significant chronic lung disease), or drug-specific exclusion criteria (eg, significant chronic kidney disease). Thus, the observed baseline characteristics reflect the clinical trial setting superimposed on the epidemiology of HFpEF. Despite these limitations, it is notable that the prevalence of comorbidities was very high and almost universal in the study subjects.
A relatively large proportion of patients of African origin (9% overall and 23% in the United States) were enrolled in TOPCAT, a proportion much higher than in recent HFpEF clinical trials (2% and 4% in the Irbesartan in Heart Failure with Preserved Ejection Fraction Study [I-PRESERVE] 34 and CHARM-Preserved, 18 respectively) and previous trials of eplerenone in HFrEF (1% and 2% in the Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy and Survival Trial [EPHESUS] 22 and the Pathological Q waves 399 (16) Left-ventricular hypertrophy 742 (29) Other abnormality 1304 (51) Values represent means±SD unless otherwise specified. *Median (25th, 75th percentile). †All electrocardiograms were interpreted locally by the site principal investigator, and data were entered into a standardized ECG abstraction form. TOPCAT did not require investigators to input specific criteria for ECG diagnoses such as left ventricular hypertrophy.
Eplerenone in Mild Patients Hospitalization and Survival Study
in Heart Failure [EMPHASIS-HF], 21 respectively), but lower than a previous trial of spironolactone in HFrEF (13.5% in the Randomized Aldosterone Evaluation Study [RALES] ). 20 The enrollment of patients of African origin is especially important in clinical trials of MRAs, given data showing higher aldosterone levels in hypertensive individuals of African ancestry. 37
Comparison of TOPCAT With Contemporary HFpEF Clinical Trials and Observational Studies
Compared with previous large HFpEF clinical trials, characteristics of TOPCAT participants were generally similar with some notable differences (Table 6 ) which may be in part related to differences in study design. Both I-PRESERVE (irbesartan versus placebo) 33, 34 and TOPCAT included only those patients with HF and LVEF ≥45%. However, I-PRESERVE required more recent hospitalization (within the 6 months before enrollment versus within the previous 12 months in TOPCAT) or more symptomatic HF (NYHA class III or IV with abnormal objective testing on chest x-ray, ECG, or echocardiogram). Enrollment criteria for Digitalis Intervention Group-Preserved Ejection Fraction (DIG-PEF) (digoxin versus placebo), 14 Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity (CHARM)-Preserved (candesartan versus placebo), 18 and the Perindopril in Elderly People With Chronic Heart Failure (PEP-CHF; perindopril versus placebo) 17 were based primarily on clinical symptoms at time of enrollment or previous cardiovascular hospitalization, with less reliance on previous HF hospitalization compared with I-PRESERVE and TOPCAT. In addition, the minimum LVEF in CHARM-Preserved and PEP-CHF of >40% was more liberal, raising the possibility that some patients in those trials had primarily HFrEF physiology.
On review of clinical characteristics, there are also important differences between TOPCAT and epidemiological/observational HFpEF studies. As stated previously, TOPCAT study patients were younger and had less of a female predominance than these previous observational studies. However, TOPCAT is one of the few HF clinical trials which contains a majority of female patients. Overall, the frequencies of several comorbidities were similar to previous large observational studies. EQ-5D indicates EuroQOL-5D Visual Analog Scale; and PHQ, Patient Health Questionnaire-9.
*PHQ was only available in English-speaking countries (N=1431). Median values for the placebo and treatment arms, respectively (natriuretic peptides were only measured in a subset of patients). *Includes previous myocardial infarction, percutaneous coronary intervention, coronary artery bypass grafting, or angina pectoris. †In TOPCAT, chronic kidney disease was defined as estimated glomerular filtration rate <60 mL/min per 1.73 m 2 , whereas in I-PRESERVE, chronic kidney disease diagnosis was based on chart review/patient self-report. ‡Median value; for TOPCAT, values represent data for patients who were enrolled based on natriuretic peptide data (N=466 for B-type natriuretic peptide and N=403 for N-terminal pro-B-type natriuretic peptide).
§Mean ejection fraction not reported.
A history of systemic hypertension was strikingly high (91%) in TOPCAT, but blood pressure was well controlled at baseline, which reflects the requirement of a controlled blood pressure in TOPCAT. This was a key eligibility criterion for TOPCAT, given the desire to determine whether spironolactone was beneficial in HFpEF independent of its effects on blood pressure. Indeed, if the TOPCAT data are interpreted in the context of a large trial of antihypertensive agents, 38 the difference in systolic blood pressure in TOPCAT versus other HFpEF clinical trials suggests that TOPCAT participants were taking the equivalent of 1 to 2 additional antihypertensive agents. Renal function in TOPCAT, while similar to other HFpEF clinical trials, was better than some observational studies of HFpEF (Table 7) . This likely has to do with the exclusion of patients with severe chronic kidney disease (glomerular infiltration rate <30 mL/min per 1.73 m 2 ) in TOPCAT, as well as the differences in setting (ie, the studies with the highest creatinine levels, such as the Acute Decompensated Heart Failure National Registry, enrolled inpatients with HFpEF, whereas TOPCAT patients were enrolled as outpatients).
Based on differences in enrollment criteria, NT-proBNP levels were much lower in I-PRESERVE (median 339 pg/mL), 33, 39 where they were measured at baseline for all participants compared with levels in the subset of TOPCAT patients who met eligibility criteria attributable to elevated baseline levels (median 950 pg/mL). However, I-PRESERVE subjects had higher NYHA functional class (79% NYHA class III or IV in I-PRESERVE compared with only 34% NYHA class III or IV in TOPCAT).
Health-Related Quality of Life
The baseline data on self-reported activity level, quality of life, and depressive symptoms in TOPCAT paint a bleak picture of the HFpEF patient population and underscore the urgent need for new therapies to enhance the quality of life in these sick patients with multiple debilitating comorbidities. The KCCQ score in TOPCAT was lower than that of patients with HFrEF, where the median KCCQ score is typically in the mid-60s. 29 As a comparison, NYHA class IV patients undergoing LV assist device placement typically have a median score of ≈35. 40 On Visual Analog Scale testing, the median score was 60, which is similar to the quality of life score for patients with end-stage renal disease. 41 This last statistic is quite sobering; the fact that the sickest and most frail HFpEF patients (including those with more severe chronic kidney disease) were excluded from TOPCAT suggests that quality of life in HFpEF patients in the community may in fact be worse than in dialysis patients. Thus, it is not surprising that over 1 quarter of TOPCAT participants reported moderate or greater depression, as noted on the PHQ-9 questionnaire.
Health-related quality of life in HFpEF patients has been previously reported in the CHARM-Preserved and I-PRESERVE trials. 13, 32 In both CHARM and I-PRESERVE, the quality of life was studied using the Minnesota Living with Heart Failure questionnaire (MLHFQ; mean score in CHARM-Preserved=41, mean score in I-PRESERVE=43). Although the KCCQ is not directly comparable with MLHFQ, based on data from the original KCCQ development study, 29 which examined patients with HF and included MLHFQ testing, the mean KCCQ summary score in TOPCAT of 55 may indicate an even worse health-related quality of life than in CHARM-Preserved and I-PRESERVE.
Strengths and Limitations
The strengths of TOPCAT include the large number of patients with evidence of HF and documented preserved LVEF, their advanced age and multiple comorbidities, the wealth of baseline data collected to help inform the use of spironolactone in HFpEF patients, and the breadth of quality of life data. Despite these strengths, certain limitations should be taken into consideration when interpreting the baseline TOPCAT data. Because of the TOPCAT study design and funding, detailed screening logs and data on screen failures were not recorded. Thus, we cannot determine how the TOPCAT study patients differed from those patients with HFpEF who did not enroll in the study. In addition, the inclusion criteria for TOP-CAT were quite broad and required only signs and symptoms of HFpEF in the setting of a previous HF hospitalization or elevated natriuretic peptide level. However, despite the broad inclusion criteria, patients enrolled in TOPCAT were quite similar to those identified in contemporary HFpEF studies. Nevertheless, we are not able to compare severity of comorbidities between TOPCAT and other HFpEF trials/studies, and there may be differences among the HFpEF trials/studies for variables that were not collected or reported. Finally, some of the comparison studies 7-9 were observational registries of inpatients admitted with acute HFpEF and, therefore, differ from TOPCAT, which was conducted in the outpatient setting.
Conclusions
The TOPCAT study successfully enrolled a large number of participants with HFpEF with baseline characteristics that, for the most part, are similar to contemporary epidemiological and observational registry studies of such individuals. Older age, multiple comorbidities, low activity level, significantly decreased quality of life, and depression were common in HFpEF patients enrolled in TOPCAT; these data underscore the continued pressing need to find evidence-based therapies for patients with HFpEF.
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